I. INTRODUCTION
The mechanical and material properties of silicon, E (Young's modulus) and n (Poisson's ratio), are important for proper modeling of stress and strain in electronic packaging [1] . Also, the structures of Micro-ElectroMechanical Systems (MEMS) devices are based on the fabrication of mechanical devices in silicon [2] , and accurate knowledge of mechanical properties of silicon based upon the values of compliance coefficients (or stiffness coefficients) is required for design of MEMS devices. The stiffness constants (c 11 , c 12 , and c 44 ), are three independent coefficients depend upon the symmetry of the crystal and the direction on the crystal surface because of the anisotropic mechanical properties of the material.
Silicon shows an anisotropic characteristic, which is, often neglected in previous works. Wortman, et al. [3] analytically calculated and plotted the graphs of E as a function of crystal direction for orientations in the (100) and (110) planes. Kang [4] used a strain gage technique to measure E of silicon with a four-point bending fixture in which the gages are mounted on the surface of specimen strips.
In this work, we have investigated the temperature dependent characteristics of the stiffness coefficients in silicon by measurements of n using the Micro-testers.
We picked (001) and (111) silicon because the vast majority of silicon devices are now fabricated using (001) silicon wafers and (111) wafers.
The experimental values of n at room temperature are observed to be in agreement with analytic calculations based upon literature values of the stiffness coefficients [3] . This work presents experimental results for n from -150 o C to +25 o C for the (001) and (111) surfaces. Finally, combining the results for n versus temperature yields the temperature dependent stiffness coefficients over the temperature range -150 o C to +25 o C.
II. THEORY
The geometries of (001) and (111) silicon wafers are given in Fig. 1 .
Silicon exhibits a linear elastic material behavior described by Hooke's Law: 
where ijkl S are the compliance components. Also, the transformation relations for the reduced index stress and strain components are given by [4] 1
where the coefficients T ab are elements of a six-by-six transformation matrix related to the direction cosines between an arbitrary coordinate system and the crystallographic coordinate system for the silicon wafer. 
Note that l, m, and n are the direction cosines with respect to the reference axes. Then, using the relation
Then, using
Only limited temperature-dependent data have been reported on silicon. However, room-temperature values of the three independent stiffness coefficients of silicon were measured by several researchers [3, [6] [7] [8] . For instance, Table 1 presents the typical literature values for the stiffness and compliance coefficients of silicon obtained by Wortman and Evans [3] . McSkimin, et al. [6] obtained those constants by using ultrasonic measurement techniques, which yielded values for the velocities of wave propagation and the elastic constants, and Hall [7] determined the stiffness constants from sound-velocity measurements by using a pulse-echo technique. Also, Hall [7] investigated the temperature dependence of the stiffness constants for pure and doped silicon over the temperature range of 4.2K to 310K. Chen, et al. [8] measured the stiffness constants below 100K by 
Note that l 1 , m 1 , and n 1 are the direction cosines for the primary orientation whereas l 2 , m 2 , and n 2 are the direction cosines for the normal orientation. In Eq. (8), it can be seen that n exhibit anisotropy along different crystallographic directions.
(001) Plane
For the (001) plane, the direction cosines are 
(111) Plane
On the (111) silicon plane, the direction cosines are 
III. EXPERIMENTS AND ANALYSIS
The expressions of n for each direction are summarized in Table 2 We needed three independent relations from Eqs. (10, 12), for a complete set of the compliance/stiffness coefficients. However, we have only one relation from Eq. (12) because of the isotropic characteristic of (111) silicon. Therefore, we need two more independent relations from Eq. (10 
For f = 0 o on (111) silicon, 2s 10s s ν 6s 6s 3s
As we measure each n from Eqs. (13-15) versus temperature, three temperature-dependent compliance (and/or stiffness) coefficients can be obtained. It is observed that n goes up with increasing temperatures.
A complete set of temperature dependent compliance and stiffness coefficients for silicon can be calculated by combining the experimental results for n in Eqs. (13-15), and the plots of the coefficients for silicon versus temperature are shown in Fig. 6 .
IV. CONCLUSIONS
In this work, n (Poisson's ratio) are observed to be dependent upon the direction on the silicon surface. Also, n may be expressed by compliance coefficients (s 11 , s 12 , and s 44 ) for any crystallographic direction of silicon. And n of silicon has been measured using strain gages in a micro-tester apparatus. 
